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The ability of Bacillus licheniformis (MCC2830) to utilize different keratin substrates (soluble keratin, hair, feather, nail 
and scales) was tested along with dehairing capacity. The keratinases showed high substrate specificity for soluble keratin, 
fish scales and chicken feathers and nails, but low specificity for human hair. The enzyme is heat stable (37–45°C) and 
active around wide pH range (2–9). The bacteria completely degraded whole chicken feathers after 7 days at 37 ± 2°C, and 
also completely dehaired goat skin within 5 hrs, without any damage to the skin. Therefore, the keratinase of Bacillus 
licheniformis strain could be used to develop an environmental friendly method for bioconversion of waste feather into 
feather feed and for dehairing process in leather industry. 
Keywords: Bacillus licheniformis, Bioconversion, Dehairing, Feather feed, Microbial keratinase  
Introduction 
Chicken feather is an inexpensive source available 
in plenty and can be utilized to improve the nutritive 
value thereby allowing it to be used as animal feed. 
Most waste material is converted into animal feed by 
chemical or thermal treatment, which is expensive 
and leads to pollution. Meanwhile, bacteria and fungi 
play an alternative important role in biologically 
converting feather wastes to feed supplements, 
biodiesel, biodegradable plastic and organic fertilizer 
thus increasing the biovalue of keratin waste.1  
Literature survey combined with omics 
technologies have meticulously shown that Bacillus 
sp. are among the best characterized candidates for 
efficient keratin degradation. Most keratinolytic 
Bacillus species have been isolated from soils.2 
However, inadequate information is available on 
studies of keratinolytic Bacillus species isolated from 
fish gut. Keratinolytic microbes originating from fish 
gut in particular are to a large extent uncharted and 
unexploited.  
This report aimed at optimization of keratinase 
production by a Bacillus licheniformis strain isolated 
from fish gut3, using chicken feather waste as 
substrate. Additionally, the crude keratinase was 
investigated for potential industrial applications of 
keratinase in valorisation of feather waster and 
depilation of goat skins, focusing on the replacement 
of the harmful chemicals with keratinase as an 
environmental-friendly and cost-effectively viable 
alternative. 
 
Materials and Methods 
 
Source 
A potent chitinase producing bacteria Bacillus 
licheniformis (MCC 2830) isolated from Pachypterus 
khavalchor gut3 was employed in present study.  
 
Different substrates 
The keratin-biodegradation ability of Bacillus 
licheniformis was investigated using chicken feather, 
fish scales, human hair, and human nails as 
keratinacious materials. Chicken feathers and fish 
scale keratin substrates were freshly obtained from a 
local slaughterhouse. Human hairs and nails were 
collected from barber shop, all the substrate material 
was rinsed with water, and autoclaved to sterilize.  
Fermentations were carried out by seeding the 
Bacillus inoculum preparation into Erlenmeyer flasks 
(250 mL) containing a Basal salt medium (50 mL) 
composed of (gL-1): NH4Cl 0.5, NaCl 0.5, K2HPO4 
0.1, KH2PO4 0.2, MgCl2.6H2O 0.1, Yeast extract  
0.1 and 50 mg of the keratine substrates as the main 
carbon and nitrogen source. After incubation for  
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7 days at 37C under shake conditions (100 rpm) the 
media were centrifuged (12 000 rpm/10 min).  
The absorbance of the supernatant was measured at 
280 nm. One unit (U) of keratinolytic activity was 
defined as the amount of enzyme that resulted in an 
increase in absorbance at 280 nm of 0.01 under the 
experimental conditions. 
 
Keratin substrate loss 
The substrate degradation was determined by 
measuring weight loss. Keratine substrate present in 
the medium after 7 days of incubation period were 
filtered on Whatman grade 2 filter paper and dried at 
105°C. The percentage of keratinolytic degradation 
was determined by calculating the differences 
between the residual dry weights of a treated sample 
and compared with that of the control containing  
only keratine substrate in basal salt medium. All 
cultivations were carried out in triplicates. 
 
Keratinase production 
For keratinase production Bacillus was cultivated 
in feather medium for 7 days at initial pH 7.5. 
Chicken feathers obtained from a poultry-processing 
plant were washed extensively with water and dried at 
60°C for 72 h, and then kept at 4°C until used. 
Feather medium consisted of (g/l): feather 15, NH4Cl 
0.5, NaCl 0.5, K2HPO4 0.1, KH2PO4 0.2, MgCl2.6H2O 
0.1, Yeast extract 0.1. The culture was incubated at 
37C and 100 rpm for 7 days. After 7 days, the broth 
was centrifuged at 5000 rpm at 4C for 20 min, and 
the supernatant served as crude extracellular 
keratinase. 
 
Keratine substrate  
Soluble keratin was obtained according to the 
method described earlier. Chicken feather keratine 
was made soluble in dimethyl sulfoxide (DMSO) by 
heat treatment (80C for 2 h). Precipitation of soluble 
keratin was carried out using acetone followed by 
centrifugation at 12 000 rpm for 10 min at 4°C. The 
precipitate was washed twice with distilled water, 
dried and was ground to homogeneity. This keratin 
powder was used as a substrate for keratinolytic 
activity assays. 
 
Keratinolytic activity assay 
An enzyme solution (5 mg ml-1) was mixed with 
2 ml 0.1 M phosphate buffer (pH 7.5) containing 15 
mg powder keratin and incubated for 3 h at 37°C. The 
reaction was terminated by adding 1 ml of 10% (w/v) 
trichloroacetic acid and centrifuged at 12 000 rpm for 
10 min at 4°C. The absorbance of the supernatant was 
measured at 280 nm.  
 
Effect of pH and temperature 
The effect of pH was studied by assaying crude 
enzyme activity on soluble keratine at 37°C using  
50 mM of acetate buffer, phosphate buffer, Tris–HCl 
buffer over the pH ranges (2–5), (6–7) and (8–10), 
respectively. The optimum temperature was evaluated 
by incubating the reaction mixture for 3 hr in Tris–
HCl buffer (pH 7) at different temperatures ranging 
from 25 to 60C. Peptide release was determined 
spectrophotometrically (280 nm; 1 unit of activity 
(U)=the amount of enzyme causing an increase of 
0.01 A280 unit within 1 minute). 
 
Effect of incubation time  
The incubation time of keratinase activities was 
determined by incubating the assay mixture under 
standard conditions for 0, 2, 3, 4, 5 and 6 days.  
 
Conversion of feathers into feed  
Feathers (5g) were autoclaved at 15 psi for 15 min 
in a 250 ml flask containing 25 ml, 25 mM Tric-HCL 
buffer (pH 7). Inoculation of 1 ml Bacillus 
licheniformis (OD600=0.35) culture was done in the 
flask and incubated at different temperatures (25 to 
35C) for 15 days. After degradation, the flasks were 
taken out and boiled until all of the liquid was 
vaporized. The dry powder was used for measuring 
protein content, carbohydrate content and biomass. 
The amount of protein in culture medium was 
quantified by Bradford reagent [Biorad] with bovine 
serum albumin as a standard. The amount of 
carbohydrate in culture filtrate was quantified by 
Anthrone method. The biomass was estimated by 
measuring weight loss. Experiments were set up in 
triplicate and repeated twice. Data is presented as 
mean (± SD). 
 
Dehairing 
Fresh fleshed skin of goat was collected from local 
slaughter house, washed sequentially with sodium 
chloride solution, detergent and water to remove 
impurities then dried in hot air oven at 50°C for  
30 minutes. The skins were cut into pieces (about  
6 × 6 cm) and placed into 20 ml of crude keratinase 
enzyme supplemented with 1 per cent sodium azide. 
After 5 h of incubation at 37C, the skin was taken 
out and the hair was gently hand-pulled to test 
whether it had parted from the skin. Skin treated  
with heat inactivated enzyme was considered as 
negative control.  




Statistical analysis  
Statistically significant differences between groups 
were determined using the Student T-test and ANOVA. 
 
Results and Discussion 
Microbial keratinases are predominantly 
extracellular enzymes, whose production is usually 
induced by keratinous growth substrates. 
Similar to the majority keratinolytic micro-
organisms reported till date, Bacillus licheniformis 
(MCC 2830) isolated from fish gut produced 
inducible keratinase. The keratinolytic enzyme was 
capable of hydrolyzing various keratin-containing 
materials such as feather, scale, hair and nail (Fig. 1a). 
Among all the keratine sources, relatively high 
enzyme activity was achieved with feather followed 
by scales, while showed low keratinase activity on 
hair and nails substrate (Fig. 1b). The obtained results 
are in concurrence with already reported keratinase 
activity observed during breakdown of feathers, hair, 
skin, and bristles.4 
Biodegradation of feathers was followed during 
cultivation of Bacillus licheniformis for 6-day using 
whole feather medium at 37°C (Figs 2a and 2b).  
 
 
Fig. 1 — Activity of enzyme produced by Bacillus licheniformis on scales, hair, nail, and chicken feather as substrate: (a) Keratinolysis 




Fig. 2 — Optimization of physico-chemical parameters of keratinase production: Time course, (b) biomass formation, (c) Effect of pH 
and (d) temperature on the proteolytic activity of keratinase (The error bars represent mean ± standard deviation) 




The degradation of substrate was initiated from 
second day (Fig. 2a, 32 per cent degradation) of 
culture and was followed by gradual inclining trend. 
The per cent degradation of feather substrate was 
increasing throughout the tested culture course to 
reach a maximum value of 77 per cent on the sixth 
day. The steady elevation in unit enzyme activity 
under culture conditions was observed till fifth day, 
there after remaining at the same value till seventh 
day (Fig. 2b). 
The process of feather biodegradation by Bacillus 
licheniformis was optimized. The kinetics of 
production of keratinase is shown in Figs 2c and 2d. 
The enzyme was active in the range of pH 5–9 with a 
maximum at pH 6 (Fig. 2c). Thus the keratinase was 
active in neutral and alkaline conditions with an 
optimum activity at pH 6.0 (218 Uml–1). Activity was 
observed in the range of 25–65°C with maximum 
enzyme activity observed during cultivation at 50°C 
(286 Uml–1 at 24 h). Additional temperature 
increment further diminished protease production and 
feather degradation (Fig. 2d). 
This result was in good agreement with other 
known enzymes of keratinolytic activity. For instance 
Bacillus halodurans AH-101 produces an alkaline 
keratinase stable for 10 min at 60°C in the pH range 
of 5–12.2 Most of the keratinolytic proteases 
described to date show neutral to alkaline 
characteristics, and some keratinases even show 
optimal activity at extreme alkalophilic (pH 12) 
conditions.2 Bacillus species P-001A and B. 
licheniformis PWD-1 are reported to be showing 
optimum activity at pH 9.5 and pH 8.7 respectively2. 
The maximum growth of B. licheniformis PWD-1 was 
reported at 50°C, while the maximum enzyme 
production was obtained at 45°C. Vast amount of this 
data has accumulated which clearly shows that 
Bacillus sp. produces heat stable keratinase5, despite 
these facts, very little is known about keratinase 
produced by Bacillus sp. isolated from fish gut. 
Protein release and structural changes in feather was 
studied at different temperatures ranging from 25 to 
35°C (Table 1). From Table 1, it can be observed that 
maximum protein was released at 35°C with 85% 
degradation and complete degradation of barbules to 
fine granulated forms. However, no substantial 
release of carbohydrates in supernatant was observed.  
Enzymatic de-hairing of goat hide was observed 
when treated with the crude enzyme preparation at pH 
9.0 and at 37C after 5 h of treatment. The hairs were 
easily released by mechanically plucking in enzyme-
treated hides and no removal of hairs was observed  
in controls (Figs 3a and 3b) without any significant 
colour change. The current usage of sulfide and lime 
can be significantly reduced and/or replaced by the 
keratinase tested in this study, leading to production 
of high quality leather as well as decreasing the 
pollutants released. Numerous studies have reported 
dehairing of hide skin in 10 to 24 hours of incubation, 
notably in the present study dehairing was 
accomplished in 5 hours. 
Enduring investigation proves that microorganisms 
play an affirmative role to increase the biovalue of 
feather wastes and utilizing it as animal feed proteins. 
All the available keratin animal feed meals are 
fraction of intact recalcitrant keratin materials with 
poor amino acid profile which has been compromised 
due to pre-processing of keratine waste. Only a  
small part of the keratin material is usually fully 
decomposed in the processes available today. 
Therefore, tracing out novel niches to discover 
kertinolytic bacteria and additional keratinase enzyme 
capable of utilising keratine waste especially feather 
substrates, representing one of the biggest waste 
components as resources would be highly beneficial. 
This study reports the keratinase production by 
Bacillus licheniformis strains, isolated from 
Pachypterus khavalchor gut3, which may be useful  
in biotechnological processes involving the 
biodegradation of keratinous byproducts.  
Alternatively dehairing of hide, employing 
purified/semi purified keratinases is extensively 
practiced in leather industry to avoid pollution 
problems associated with the use of chemicals 
accelerating dehairing process and because it is cheap 
and easy for handling.6 Therefore, this study 
additionally, investigated the dehairing potential of 
Bacillus licheniformis using goat skins, and found  
that hair removal can be achieved in shortest time  
(as low as 5 hr) reported till date.  
Table 1 — Comparison of the proteolytic decomposition of native 
chicken feathers, release of soluble protein and carbohydrate from 
chicken feather, in presence of Bacillus licheniformis culture at 
25C to 35C 
  Temperature 
 25°C 30°C 35°C 40°C 
Carbohydrate (ug/ml) 16 ± 3.1 19 ± 1.2 10 ± 2.2 13 ± 1.0 
Protein (ug/ml) 130 ± 2.6 146 ± 5.2 157 ± 1.6 131 ± 7.9 
Substrate loss (%w/v) 86 ± 1.3 82 ± 3.3 85 ± 4.2 89 ± 3.5 
 





In conclusion, Bacillus licheniformis bacterial 
strain, was able to produce keratinase and could be 
applied for feather degradation into feather protein 
hydrolysate, used in feed industry. Its keratinase 
production was maximal in a medium containing 1 
per cent feather as a substrate, pH 6, and under 
cultivation conditions at the temperature of 50°C and 
the shaking speed of 150 rpm.  
Accordingly it should be noted that integration of 
Bacillus licheniformis into the traditional methods of 
feather waste processing will have more valuable 
application for recycling of feather, since keratinase 
enzyme produced by this bacteria is active over a 
wide range of pH values as well as temperature. 
Rapid dehairing property of this enzyme can be an 
environmental-friendly and cost-effective alternatives 
to replace harmful chemicals. 
Although the function of bacterial keratinase is 
well known, the presence of keratinase activity in 
chitinase degrading Bacillus licheniformis adds it to a 
growing list of organisms which can be exploited in 
future for processing of keratin-containing wastes  
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Fig. 3 — Dehairing of goat skin by keratinase of Bacillus 
licheniformis: (a) treated with heat inactivated enzyme (b) Treated 
with keratinase 
 
